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Abstract— In this paper, the loss of load 
probability (LOLP) analysis for standalone solar 
photovoltaic (PV) power system for a household 
in River State is studies. Analytical expressions 
for computing Loss of Load Probability (LOLP) 
were presented along with the load demand of the 
household. Also the irradiation data of the 
household site, and the load demand data were 
used in PVSyst simulation program to determine 
appropriate size of the various solar PV power 
components. With a daily energy demand of 12642 
Wh/day, the average annual energy yield is 900.94 
kWh per year, the annual user energy demand is  
809.65 kWh per year, the annual missed energy 
(that is energy demanded but not supplied due to 
non-availability of energy from the PV power or 
battery bank) is 33.70 kWh per year. In all, the PV 
solar power system for the case study site could 
only achieve 4.28 % LOLP which is satisfactory 
given that the maximum specified allowable LOLP 
is 5%. 
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1. INTRODUCTION 

In Nigeria, energy crisis has persisted for several years. 
Over the years, there has been poor electric power supply 
and low access to the national power grid [1,2,3,4,5,6,7]. 
As such, many people in Nigeria have resorted to 
alternative power supply systems. Most common alternative 
power supply in Nigeria has been based on the fossil fuel 
electric generator [8,9,10,11,12,13,14,15,16,17,18]. 
However, in view of its environmental friendliness and 
continuous drop in the cost, photovoltaic solar power 
supply has increasingly gained wider adoption across 
Nigeria [19,20,21,22,23,24,25,26,27].  

In any case, the power supply based on solar energy is 
subject to variation in the solar radiation over the day and 
over the various seasons in a year [28,29,30,31]. As such, 
ensuring uninterrupted power supply with the solar power 
system is very difficult. One way to evaluate how regular 
the solar power system can guaranteed adequate power 
supply to the load is loss of load analysis 

[32,33,34,35,36,37]. Accordingly, in this paper, the loss 
load probability analysis for a solar powered household in 
presented. The study used the solar radiation data of the 
case study site along with the load demand of the household 
to estimate the loss of load probability and the loss of load 
duration. The details of the loss of load analysis using a 
PVSyst software is presented in the body of the paper along 
with the simulation results and the discussion of the results 
and their implications. 

2. METHODOLOGY 

2.1 The analytical basis for computing Load Probability 
(LOLP) 

Loss of load occurs in an energy system when there 
generated energy is not sufficient to drive the load 
[38,39,40]. In the case of standalone solar power system, 
the loss of Loss of Load Probability (LOLP) can be 
expressed as the percentage of time in a year when the load 
demand is not satisfied due to inadequate energy yield from 
the solar power system. Also, LOLP can be expressed as a 
fraction in terms the ratio of the annual energy deficit to the 
annual energy demand.  This can be expresses 
mathematically by considering the following key 
components, namely, the daily energy demand from the 
load ( 𝐸௅ௗሺୢሻሻ  the daily energy yield of the solar power 
system ሺ𝐸௢௣ሺୢሻሻ, the daily excess energy ሺ𝐸ா௑ሺୢሻሻ, and the 
daily deficit energy  ሺ𝐸ௗ௙ሺୢሻሻ .  The  𝐸௅ௗሺୢሻ  is determined 
from the load demand profile of the case study household. 
In this paper, a load profile from PVSyst software is used. 
The daily yield, ሺ𝐸௢௣ሺୢሻ is given as follows in terms of PV 
panel area ( 𝐴௣௩), PV panel efficiency (ɳ௣௩), the daily solar 
radiation parameter ( 𝐺௔௩ ), inverter efficiency ( ɳ௜௡௩ ), 
connecting wire efficiency (ɳ௪௜௥௘); 

 𝐸௢௣ሺୢሻ  ൌ  ൫ 𝐴௣௩൯൫𝐺௔௩ሺୢሻ ൯൫ɳ௣௩൯൫ሺɳ௪௜௥௘ሻሺɳ௜௡௩ሻ൯    (1) 

Then, the excess energy,  𝐸ா௑ሺୢሻሻ, is store in the battery 
bank, where 

 𝐸ா௑ሺୢሻ ൌ min ሺ 𝐸௢௣ሺୢሻ െ  𝐸௅ௗሺୢሻሻ     (2) 

The deficit energy on day k is obtained by considering the 
cumulative load demand, energy yield and excess energy 
from the first day (d=1) to the day k, hence; 

 𝐸ௗ௙ሺୢሻ ൌ min ቀ0, ൫∑ ൣ൫ 𝐸௢௣ሺୢሻ ൅  𝐸ா௑ሺୢሻ൯ െ ሺ𝐸௅ௗሺୢሻ൧௞
ௗୀଵ ൯ቁ   (3) 

The LOLP in terms the ratio of the annual energy deficit to 
the annual energy demand is given as; 
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